LOFT (Large area Observatory For x-ray Timing)
is an innovative mission concept for the next generation of X-ray experiments, submitted to the ESA Call for Medium size missions "M3". Recent developments in the field of Silicon detectors allowed us to design a realistic observatory devoted to X-ray timing studies with an effective area above 10 m 2 , operating in the energy range 2-30 keV with an energy resolution of ∼250 eV. Such an exceedingly large area (20 times that of RXTE/PCA), with a time resolution better than 10 µs, will enable unprecedently fast and accurate time variability studies related to accreting collapsed objects (e.g. fast coherent pulsations and QPOs). The scientific payload is complemented by a coded-mask wide field monitor based on similar detectors. In this paper we present the mission concept, the payload design and the expected performances.
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Scientific motivation
One of the topics of the European Space Agency (ESA) Cosmic Vision 1 is the study of "Matter under extreme condition", related to the Theme 3, "What are the fundamental physical laws of the Universe?". In particular, the science topic is connected to the study of the General Relativity in the environment of black holes (BH) and other compact objects and to the investigation of the equation of state (EOS) of matter in neutron stars (NS). These studies can be efficiently carried out with the high resolution timing and spectral observations of X-ray cosmic sources, exploiting the scientific performance of an innovative instrument such as LOFT.
The relation between mass and radius (M -R) in NS is a powerful probe of the EOS and allows to access regimes that cannot be studied in Earth-based laboratories. The two main techniques to investigate the EOS involve the modelling of the pulse profile in accreting millisecond pulsars (see for example Ref. [1] ) and the observation of coherent oscillations during the rise phase of type I X-ray bursts (see Ref. [2] ), when the thermonuclear emission from the hot spot is modulated by the NS spinning. Additional tools are represented by the derivation of M and R from the flux and temperature measurements during episodes of photospheric radius expansion of bright type I X-ray bursts from a source at known distance, as in globular cluster NS [3] . With its baseline ∼12 m 2 effective area the Large Area Detector (LAD) aboard LOFT can reach an uncertainty smaller than 5% (at 90% confidence level) on the measurement of M and R, and a comparable accuracy for the M/R ratio from type I bursts. Constraints to the M -R relation can be obtained also by the observation of QPOs and oscillations in flares from soft gamma-ray repeaters, a powerful tool in the study of the NS crust properties.
The motion of matter in the inner regions of the accretion disks around NS and down to the Innermost Stable Circular Orbit of BH, where most of the energy is emitted, is dominated by strong-field gravity effects. Two independent probes can be used for such measurements: the study of Quasi Periodic Oscillations (QPOs) in the flux of binary systems [4] and the analysis of the distortion of the Fe Kα line profile emitted by accreting compact objects [5] . For the first time LOFT will carry out studies of individual pulses in low frequency QPOs and in kHz QPOs within their coherence timescale, enabling phase-resolved spectroscopy, especially in the spectral region around the Fe line. In the Active Galactic Nuclei (AGNs) the study of the variability of the relativistically broadened emission profile of Fe Kα lines is facilitated by the higher rate per dynamical timescale, about 10 6 times longer than in Galactic X-ray binaries.
With a very high throughput, it will be possible to study the Fe line reverberation from the disk produced by individual blobs illuminated by the central source [6] . In addition to the science drivers outlined above, LOFT will exploit the physical information contained in the flux variability of X-ray sources, e. g. by detecting periodicities of extremely small amplitude and measuring their phase and period evolution with unprecedented accuracy. Since the X-ray sources are known to be extremely variable, the LOFT payload is completed by a coded aperture Wide Field Monitor (WFM, described in Sect. 2.2 below), able to monitor simultaneously large fractions of the sky with a sensitivity adequate to trigger LAD observations on outbursts and interesting states of known or previously undetected sources. Thanks to its large field of view and good angular resolution, the WFM will also be able to localise Gamma Ray Bursts, X-ray flashes, X-ray bursts and other fast transients.
The LOFT mission concept
The Large Observatory For x-ray Timing (LOFT) satellite-borne mission was designed to accomplish the scientific objectives outlined in Sect. 1 by fulfilling the scientific requirements summarised in Tab.1. The LOFT payload (see Fig. 1 ) is composed of two instruments: the LAD, a collimated instrument devoted to the timing and spectroscopy observation of sources in the soft X-ray band, and the WFM, a coded aperture and large field of view imager that will monitor the X-ray Sky in a similar energy band. Both LAD and WFM are based on the technology of large area linear Silicon Drift Detectors (SDDs), initially developed for charged particle tracking in High Energy Physics experiments (see Ref. [7] ) and currently operating in the ALICE Inner Tracking system of LHC at CERN. 
The Large Area Detector
The LAD is a collimated instrument, reaching the unprecedented effective area of ∼12 m 2 , i. e. more than one order of magnitude larger than any similar instrument built in the past (e.g., RXTE/PCA, Ref. [8] ). The innovative LAD design involves two key technologies, the Silicon Drift Detectors (SDDs) and the lead glass micro-capillary plates, enabling a very low mass per unit area. Thanks to the SDD technology, an energy resolution of ∼260 eV FWHM at 6 keV can be reached [9] and a bandpass of ∼2-50 keV. The LAD detector is highly segmented, thus making the dead time and pile-up unimportant for most of the observations. The LAD adopts a modular approach, using about 2000 SDDs, each one 450 µm thick and with ∼76 cm 2 geometric area, read-out in one-dimension every ∼850 µm. The LAD collimator is based on the same technology as the microchannel plates. An array of multipore lead glass slabs, with thickness of ∼2 mm, inner hole diameter of ∼25 µm and pitch of ∼28 µm, is used to absorb X-rays coming from outside the ∼40 arc min aperture up to ∼50 keV. An increasing transparency of the collimator at energies above ∼30 keV offers a response to offaxis hard and bright events (e.g., gamma ray bursts or magnetar flares) at the price of a slight increase in the background. A key feature of this design for the collimator is its very low weight, approximately 3 kg/m 2 , enabling a large area at a reasonable mass.
The modular design of the LAD allows the use of a standard service module 2 for LOFT, that can be efficiently stowed inside the launcher fairing volume of Vega, the small ESA launcher. In fact, the LAD is composed of six panels, initially folded and deployed after the launch. A tight requirement on the alignment of the six panels can be fulfilled using a deployment technology 2 derived from the antenna of the Synthetic Aperture Radar systems, used e. g. in the MIRAS payload of the ESA SMOS mission [10] .
The Wide Field Monitor
The WFM is in charge of monitoring the flux and spectral variability of the X-ray sources within the sky fraction accessible to the LAD, triggering its observations on interesting states and providing the context of the pointed LAD observations. The WFM is a one-dimensional coded aperture experiment based on linear SDDs, similar to those adopted by the LAD, but with a smaller pitch, ∼300 µm. The SDDs allow to obtain an energy resolution of ∼3 -400 eV over an energy range of 2-50 keV.
A total of 4 cameras are currently envisaged for the WFM, co-aligned in pairs to achieve a combined 2D imaging, similar to previous experiments (e.g., RXTE/ASM, HETE-2/WXM or SuperAGILE). A rough 2D encoding is indeed available also by each individual camera by exploiting the drift properties of the detectors [e.g., 11]. Combining this feature with a ∼100 µm thick Tungsten coded mask at ∼15 cm distance, the WFM will achieve an angular resolution of 5 arcmin x few degrees for each of the 4 cameras. The simultaneous observation of the same sources with two co-aligned but orthogonal cameras will enable a point source location accuracy of about 1 arcmin in two-dimensions, for sources brighter than a few mCrab (1-day integration).
Mission profile
Although the LAD observations of Galactic sources are expected to be largely sourcedominated, the scientific objectives related to the observation of AGNs are sensitive to the background minimization and stability, thus a LEO orbit with <600 km altitude and <5° inclination was selected. In the preliminary baseline the LOFT spacecraft has a fixed solar panel array with ±20° aspect angle constraints and will operate in three-axis stabilized pointing mode, with a slew rate capability of 4°/minute. LOFT has a higher data throughput with respect to previous missions, thus we envisage a telemetry down-link to two ground stations, Kourou (ESA) and Malindi (ASI), with a total data rate of ∼700 kbit/s (orbit average). In this scenario each ground station will have a ∼10-min contact every ∼100-min orbit. Kourou will be used for both telecommand up-link and telemetry down-link, while Malindi for telemetry down-link only. Additional details on the design and performance of LOFT may be found in Ref. [12] .
